Objectives-To explore whether the inhalation of coal mine dust increases the risk of premature death in miners, a survival analysis was conducted in a cohort of 2738 patients with simple pneumoconiosis in the Huai-Bei coal mine, in China.
Methods-Age specific mortalities were calculated by disease severity in terms of pneumoconiotic category with the life table method. The progressions from simple pneumoconiosis to death or progressive massive fibrosis (PMF) were analysed with the Cox's regression model with time as the dependent variable to identify risk factors. Results-During a follow up period (mean 8 y) 3-2% of patients with simple pneumoconiosis developed PMF. The patients with development of PMF presented higher age specific mortalities than those remaining in a state of simple pneumoconiosis (SMR: 3X42; P < 0-01). After adjustment for tuberculosis and duration of work, the relative risk of premature death due to development of PMF was 2-4. Tuberculosis was found to be a main risk factor which not only facilitated premature death (relative risk (RR): 2X0; P < 0-01), but was also a strong facilitator for development of PMF (RR: 7-0; P < 0-01). Also, a long term of work underground and drilling as a main job were identified as risk factors for development of PMF. Conclusion-The results imply that patients with simple pneumoconiosis will have altered survival, and premature death among them is related to an increased risk of the development of PMF and the complication of tuberculosis.
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The question, "does the inhalation of coal mine dust increase the risk of premature death in miners?" has been debated for a century from the standpoint of both scientific interest and financial compensation policy.1-3 The earliest observations suggested that coal miners had good health and low death rates and therefore some observers were convinced that working conditions in coal mines were not unhealthy. 4 Over the past few decades studies were conducted to explore the effect of inhalation of coal dust on health in terms of the grades of coal workers' pneumoconiosis (CWP), which is diagnosed on the chest radiographic features of a miner. According to the international classification of pneumoconiosis issued by the International Labour Office (ILO),5 based on radiographs, this disease is classified as simple (mild) or complicated (severe); these types are further divided into categories 1, 2, and 3 for the simple disease, and categories A, B, C for the complicated disease. Complicated pneumoconiosis is also named progressive massive fibrosis (PMF). ' Ortmeyer et al found that the life expectancy of miners as a whole is the same as that of the general population. A detailed 20 year follow up study of miners and exminers in South Wales showed that those with simple and category A pneumoconiosis survived as well as those with no evidence of pneumoconiosis.78 A raised mortality was found only in miners with category B and C pneumoconiosis.9
However, Miller and Jacobsen reported a study of 26 363 miners from 20 collieries in England and Wales, and concluded that miners exposed to excessive amounts of inhalable coal dust were at an increased risk of premature death, either from PMF or from chronic bronchitis or emphysema.' A recent study conducted by Meijers et al in The Netherlands also showed that Dutch miners with CWP had an increased overall mortality risk with a standardized mortality ratio (SMR) of 153 in comparison with the general Dutch male population.2 Unfortunately, this analysis could not link each death to any individual coal miner and so it was not possible to investigate the influence of the pneumoconiosis grade on the mortality differences and to make dose-effect computations.
To evaluate the effect of exposure to coal dust on miners' health, Soutar However, whether simple pneumoconiosis increases the risk of premature death-that is, whether a miner's life span will be curtailed because of affected lung function-is still inconclusive. As PMF has been recognised to be a potentially disabling form of CWP, relations between simple pneumoconiosis and PMF have been studied by a few researchers. With data from the pneumoconiosis field research, Hurley et al studied the incidence of PMF in relation to earlier simple pneumoconiosis and dust exposure.'3 This study clearly showed that simple pneumoconiosis predisposed to PMF, with five year attack rates of 13-9%, 12'5%, 4 4%, and 02% among men in categories 3, 2, 1, and 0 respectively at the start of the risk periods. Cumulative dust exposure was an important risk factor for development of PMF among miners without pneumoconiosis, but not among miners who had been identified as having pneumoconiosis. A study conducted by Maclaren and Soutar showed that among 172 patients who had developed PMF, 1 16 had had simple pneumoconiosis at the earlier examination; this study also indicated that simple pneumoconiosis was a strong risk factor for PMF.'4 Therefore, the problem of whether simple pneumoconiosis increases the risk of premature death rationally involves development of PMF among these patients.
The study described here reanalysed a data set collected from a cohort of patients with pneumoconiosis in the Huai-Bei coal mine, China, in 1989. The data set, which included 2906 patients, was analysed in 1990 as an example to illustrate the use of a five state model, and a paper was published in Chinese."5 We thought that this data set might be informative to help explore the relation between simple pneumoconiosis and PMF, now that a validation study on interpretation of pneumoconiosis between Chinese and American classifications has been published. '6 The validation study allows analysis of the Huai-Bei coal mine data set, based on the ILO classification, and the results can be compared with those from studies performed in other countries. To concentrate this study on simple pneumoconiosis, we studied records of 2738 patients who were classified as having simple pneumoconiosis when the diagnosis of CWP was first established. This paper presents results from analysis of the survival of these patients' with the Cox's regression model with the main variables being time dependent.
Materials and methods

DATA SOURCE
The medical diagnostic records of patients for this study were collected from the occupational hospital in the Huai-Bei coal mine, which is located in the middle of China. This mine was set up before 1949, gradually expanded after 1958, and has been one of the large scale coal mines run by the Chinese government. The first patient with pneumoconiosis was identified in 1963. After that, workers were periodically given medical examinations to detect incident patients. By the end of 1988, there were 2958 workers diagnosed as having pneumoconiosis. According to a prevention policy on pneumoconiosis issued by the Chinese government in the 1960s,'7 a certified patient would be assigned to a non-dusty position once a diagnosis was made, and a yearly medical examination that included a chest radiograph would be given to monitor progression of disease. As the medical records were the unique evidence for determining the amount of the financial compensation, almost all of the patients' records were kept very well. There were 2906 definite records and 52 lost or incomplete, which is an ascertainment rate of 98-24%.
China uses a radiological classification of pneumoconiosis which differs from the ILO classification.5 The Chinese system classifies this disease into categories I, II, and III to refer to light, moderate, and severe disease conditions, respectively. However, a comparison of Chinese and American radiograph readers and pneumoconiosis classifications has shown that a valid correspondence exists between the Chinese and American interpretations.'6 Category I represents simple pneumoconiosis, and category III is an equivalent of complicated pneumoconiosis in categories B and C by the ILO classification. Among the 2906 patients in the cohort, 16 patients were in category III, 152 in category II, and 2738 in category I when the diagnosis was first established. To concentrate the study on the prognosis of patients with simple pneumoconiosis, only the data from the 2738 patients were analysed in this study.
From the medical records, the information includes: age when diagnosis of CWP was first established, age of starting mining work, year of starting mining work, years spent working underground, main job category, whether tuberculosis (TB) existed or not when pneumoconiosis categories I, II, or III were established, year and month when complicated pneumoconiosis was found, and the cause of death if the patient had died. Main job category was defined as that from which a patient got dust exposure responsible for the development of his pneumoconiosis. If a patient had worked on several dusty jobs, the one on which he worked for the longest period or got the greatest amount of dust exposure was referred to as the main job. Among the main job categories, drilling alone usually produced a higher concentration of dust with a higher silica content at the workers' air zone. Therefore, this job was coded as 1 and the others as 0. Table 1 shows the demographic data for the 2738 patients.
DATA ANALYSIS
Age specific mortalities for patients in different categories were calculated to examine whether the progression from category I to II or from II to III represented a jump in the mortalities. Person-years for different age groups and disease categories were calculated by assuming that each entry, withdrawal, or death occured at the middle of the age interval to which it As many explanatory variables are correlated with each other (table 3) , univariate analysis was not used as a primary step. For the above analyses of each transition, two regression models were created. One was the complete model and the other was the condensed model. In the condensed model, year of starting mining work and age of starting mining work were drol spent working undergo correlated with the yes work and age of startii Table 2 lists a comparison of age specific mortalities among patients in three pneumoconiosis categories. Apparently, patients in category III had much higher mortalities than those in categories I or II; there was no difference between categories I and II. Taking category I as a control, the expected numbers of deaths for patients in categories II and III were 54-6 and 7*3, respectively, and the observed numbers of deaths were 55 and 25, and SMRs were 099 and 3-42 (P < 0O01), respectively.
pped, and only years GENERAL SURVIVAL ANALYSIS )und, which is highly The interaction terms of TB and age at which pneumoconiosis was first established with the survival time were not significant. No significant relation between the risk of death and the is of the transitions from interaction term of TB and age at which pneumoconiosis was first established was detected. Tables 5 and 6 list the results from the Cox's regression analyses on transitions from category I to death and category I to III. They show that TB facilitates both premature death (relative risk: RR = 2 0) and progression to category III (RR = 5 9), and that the second effect is stronger than the first. Age at which pneumoconiosis was first established has different coefficients for the two transitions, which indicates that younger patients have more chance of progression to category III and older patients are more likely to die without progression. Duration of time spent working underground had different coefficients too. The patients who worked underground between 10 and 24 years might have had a lower premature death risk before progression to category III, but they also had a high chance We also analysed the transition from category III to death, but no factor was found to be significant except for age when the patient arrived at category III. The general survival analysis has shown that after adjustment for a time dependent variable, progression from category I to III, TB was still a significant risk factor. Therefore, the inability to identify subgroups in this analysis may be caused by the small number of subjects as only 87 patients in category III were followed up in the study.
MULTISTATE MODEL ANALYSIS
Discussion
This study used medical diagnostic records preserved during the past 25 years, so some misclassification bias is likely. However, the following facts give us some confidence that the bias would not be substantial. Pneumoconiosis was designated in China as an occupational disease. Therefore, each diagnosis (including progression) had to be made by a series of discussions by a medical panel. Besides, China conducted a national epidemiological survey of pneumoconiosis in 1987. During this survey, the medical records for every patient were carefully checked to correct potential mistakes in the classification of pneumoconiosis, diagnosis of the complication TB, and dates when diagnoses were made. The records before 1987 for our study had been checked carefully before we started data collection and the new patients identified in 1988 were diagnosed by the same panel members who were responsible for checking previous records. Therefore, misdiagnosis should be minimal.
One drawback of this study was that information about cigarette smoking habits for these patients was not available. However, as the results were based on internal comparisons, all patients being male workers and working in the same mine, it is expected that the prevalence of smoking among workers with different durations of work underground would not have differed greatly. The current smoking habit of a patient (or a miner) is usually influenced by severity of his respiratory disease or the condition of his lung function. A patient who has worked underground longer is expected to have lower lung function and he will be more likely to reduce or stop smoking. Similarly, a patient with TB is also more likely to give up smoking than one without TB. Therefore, the potential confounding from smoking would have resulted in an underestimate of risk due to TB or duration of work underground; controlling for smoking would be expected to strengthen the present conclusion from this analysis, not weaken it.
This study used Cox's regression analysis, which has the following advantages. The most important one is that the healthy worker effect has been excluded as Cox's regression analysis is an internal comparison. Coal workers are usually stronger and healthier than the general population and therefore would have lower mortalities. Taking the general population as a reference will lead to an underestimate of the effect of a risk factor. Another advantage due to internal comparison may result from the fact that this disease has a long survival period and any change in medical or health care may influence the patients' chance of having other diseases. A patient with pneumoconiosis is definitely provided with more medical service than another worker or the general population and he will also pay more attention to his health problems. As a result, these patients compared with other workers will receive medical examinations more frequently and their disease can be detected and given treatment earlier. Furthermore, they will no longer be engaged in an occupation requiring strenuous labour. Obviously, an internal comparison will yield a less biased conclusion for these reasons. The Cox's regression analysis also provides other advantages, such as the use of continuous variables, and the ability to analyse the time dependent variable and check the time dependency of a risk factor. In our analysis, age was used as a continuous variable so that the effect of the risk factor on the survival time could be evaluated more accurately than would be possible by dividing the patients into several age groups.
Analysis of age specific mortality shows that patients in category III had a notable increase in death risk over patients in category II or I (table 2) . Different rates of TB (12-5% for patients at category I and 56-3% for patients at category III) indicated that TB also contributed to this jump in increase. However, after adjustment for TB (table 4) , progression to category III still very significantly increased the risk of premature death. This result further confirmed the valid correlation between the Chinese and American interpretations of pneumoconiosis classification,'6 as previous studies found that only the patients with categories B or C pneumoconiosis had increased mortalities.78 The transition from category I to category III then represented a transition from simple pneumoconiosis to category B and C pneumoconiosis by ILO classification. In terms of analysing patients' prognoses, grouping categories B and C should be more meaningful than grouping categories A, B, and C together. Hence, the analysis described in this paper should yield more meaningful results than an analysis with categories A, B, and C together. On the other hand, perhaps the present results would not be essentially different from those if the analysis had used categories A, B, and C together because categories A, B, and C are in the same direction in the course of disease progression.
The relation between simple and complicated pneumoconiosis is very clear from this study. During the past 25 years only 16 out of all the workers who had ever worked in this mine before 1988 were diagnosed to be in category III, (category B and C pneumoconiosis by ILO classification) without an earlier diagnosis of category I, whereas 87 patients were diagnosed to be in category III against a background of category I diagnosed in an earlier examination. This indicates that a history of simple pneumoconiosis is a very strong risk factor for the development of complicated pneumoconiosis. Leibowitz and Goldstein in 1987 found histologically one active case of TB out of nine cases of PMF although the incidence of TB in the population was 0-2% in the study area. '5 They thought that TB could be an important cause of localising quartz laden macrophages in the interstitial tissues. A case-control study in China indicated that TB was a risk factor for PMF.'6 Our study showed a strong influence of TB on the development of PMF. As TB has been well controlled in some developed countries,'6 it seems necessary to answer this question with information from countries where TB still is a highly prevalent disease in the general population. Obviously, with the elimination of tubercle bacilli from the working environment, TB cannot definitely play any part in the progression of disease. But this does not mean that TB is not able to facilitate development of PMF if the environment has this bacillus or the patient has this disease. The final conclusion awaits more information from a variety of countries.
To answer the question whether inhalation of coal dust increases the risk of premature death involves a logical judgment. Age specific mortalities indicated that patients in category III will have a decreased life expectancy. The general survival analysis clearly shows that progression to PMF is a risk factor for premature death (RR = 2 4). As patients with simple pneumoconiosis have a high chance of developing PMF, we cannot say that simple pneumoconiosis did not increase the risk of premature death. Regression analyses also indicate that either premature death or development of PMF is related to working underground, drilling, or progression from category I to II. All these variables are associated with inhalation of coal dust. Obviously, without exposure to coal dust, a worker will not develop simple pneumoconiosis. The results from the above analyses also indicate that TB is a risk factor for premature death with and without development of PMF. Numerous clinical and epidemiological studies have documented the frequent occurrence of TB among miners, especially those with silicosis.28-30 If there is a higher incidence of TB among coal miners than among the general population and no other risk factors can be identified, we cannot say that TB does not have any association with the inhalation of coal dust. Therefore, the effect of TB on premature death also can be attributed to the inhalation of coal dust.
To decrease the harm of inhalation of coal dust on coal miners, a commonly used strategy is to end exposure before severe lung damage occurs as was practiced in China. The criterion for ending exposure usually is simple pneumoconiosis. However, this study implies that this strategy may not be effective enough to keep miners as healthy as the general population. Premature death is still possible. This fact tells us that, as Hurley et al said, the only safe strategy is to continue to minimise and maintain strict control of dust concentrations underground. 13 In summary, this study proved that patients in category III (with complicated pneumoconiosis category B and C, or PMF) have a shorter life span after adjustment by age. Applying the Cox's regression model with time dependent variables on to the general survival process and different transition paths, we explored the effect of investigated factors on different stages in detail, especially effects of a progression from category I to II or III on the development of PMF or premature death. The study provides some evidence to support the opinion that inhalation of coal dust increases the risk of premature death.
